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EXFSamiAL ICSEMCH AMD OESSM FLAIKIMB IN TIE 

Fmi> OP LLQpm-Ffceojjm rochbt bcbcs ognured aaMESN 
193^19M pi he FQUXABS of F. a. TSAWBt* 


Leonid S. DusMcin (USSR)^ 


This report describes Soviet resear^ and desi^i planning of liquid prcpellvifc 
rocket engines (hereafter teneed LPfEs), a field often insuff: :dently elucidated in the 
technical literature of the history of rodoet technology. The auttior, a pupil of 
P. A. Tstnder, took a direct part in fulfilling this research in a ^(bdivisian of the 
Jet Propulsion Research Institute (HNII) on a GIRD tean headed by Tbander. This r^ort, 
hoMever, ccmrs only sooe parts of the history of the develofnent of Soviet LPRBb and does 
not touch upon the research fulfilled in this sane period by specialists In ot*ier a rea s 
of RNIl, or In other organizations. 

Befbre noving to the basic topic, I consider it necessary to nake a few pre- 
Unlnary observations about the principle diaraeteristies of T!Banda'*8 practical Mork in 
Ii>REs insofar as these characteristics have been overlooked in the tadtlngs devoted to 
his Mark. The nane of Tbander is uell knoiai in the USSR and abroad as a foUoHer of 
K. E. Tsiolkovsky and as a great scientist in the field of interplanetary flight theory. 

He is also kmei as one of the first research engi neers to lay dam the foundationa fhr 
desi0i Mork on LFREs in the Soviet Uhion and create the aethods for LPIE engineering cal- 
culations, projections, said experlnental elaborations. His ideas and scientific legacy 
are thus highly valued in our country and have become the subject ~>f investigation by 
specialists and historians of rocket technology. 

The first conference devoted to the elaboration of Tsander's scientific legacy 
and the development of his Ideas mss held in Nay 1970 in Riga; lectures given by 
specialists in different sessions Investigated his Moric ajd clearly demons tra ted its 
linportance In the theory and construction of Jet engines, in astrodynamlcs, in life 


^Presented at the Fifth Hlstcs^ Synposlum of the International Acadeiny of 
Astronautics, Brussels, Belgium, Septenfcer 1971. 

collaborator . . A. Tsanlsr and a co n tenpcrary of Sergey Korolev, Dushkln 
specialized in rocket engine deslsi and the development during the 1930s aiid 1940s In 
GIRD, RNll, and other scientific institutes. 
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support systenSf arri also» the Influence of his thoughts and ideas in solving the 
contesporary scientific-technical problems related to rocket engines and cosmonautics. 

Being a theoretician and a space flight enthusiast^ l^sander attached paramount 
Inportarice to questions of the choice of method and the directlor and sequence of design 
work— especially as it related to the problems of liTC* He Ijobued these questions with 
a sense of technical reality and scientific validity and perspective. We know that he 
created his school 1a the field of the theory and planning of Jet engines on the basis of 
his om theoretical and practical work. Itie characteristics of this schcx>l» as related 

ii 

to LPHE 9 appears in detailed examination of his theory of rocket engines^ methods of 
propellant calculations, experimental research on the laboratory model "Cfl-1,"^ design 
decisions in applied oxygen LPREs— developed In the GRID engines ”0R-2" and **0-10"3 — 
and also in the studying of schematics and technicaLI data on LPRE developed by l^sander 
that farmed the tasks undertaken in GIRD. 

Ihe following points reflect the basic elements of the idea content of this 
school of thou^t In LPRE: 

1. Strict scientific and technical substantiation of the data for proposed engines, 

2. IntroductlcMi of experimental research on models and laboratory devices. 

3. Application in the LPREs of propellants based on liquid oxygen, liquified gases, 
and metals, 

4. Inplementing construction of LPP’s as independent hardware, especially In supply, 
direction, and regulation of the propellant flow, 

5. Development of a one-chanbered LPRE allowing an increase in thrust regolated 
over a wide range, 

6. Creation of combination rocket engines which united in one power plant .arious 
kinds of engines, 

7. "Dechnologlcal efficiency, reliabllltv and power increase in the most advanced 
designs based on subsystem arrangements for ease of dismantling and substitution, 
during the development of prototype and final constiniction stages. 

Ihe experience realized in the work at GIRD between 1932-1933 straigthened the 
belief in the validity of the Tsander school, and in the necessity of developing its 
methods for application to further activity. After Tsander 's death in 1933* his school 
continued to develop and exerted a significant influence on the woric in the LPRE field in 
RNII— created at the end of 1933~in which his students, followers, and sup^rters 
elaborated upon the theoretical, experimental, and design directions pioneered by Tsander. 
In RNII between 193^-1"^^^, reflecting this stage of Soviet rocket engine development, his 
followers carried out a widespread LPRE research and development program. 
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In crder to give you an Idea of the naln directlorB of this work and the 
results obtained, I have provided below the basic technical data, construction design, 
photographs of sone of the devices taken ftom their original sources (presarved in the 
archives), in the chronological order of their coapletlon.^'^^ 

ALOOHOL-OOnSI LFRE, SINGI£>PIRINB "12-K" ENGINE WITH A IMIUST OP 300 kg 

Ihls engine, designed, constructed, and tested on a stand in 1935-1936, was 
eannarted for use In wingless and winged rockets. Ihe distinctive features of the **12-K" 
engine In conf>arison with other engines created in GIRD were: a higher level of thnist, 
and pressure in the coiribustlon cheBbar, as well as a design construction daracterised by 
vortex nixing of propexlants, and the use of ceraodc fire-f)roofed materials of altmdnuw 
oxide and magneslun oxide for thermal protection of the titeebeaf and nozzle, without the 
use of external cooling. The "12-K” engine deslgi is presented in Plgiire 1. The engine's 


perfonnance parameters were:^ 

1. Thrust 300 kg. 

2. Pressure inside the chanber 15 atm. 

3. ^)6clflc infxilse 210 sec. 

4. Pressure of fuel feed 25 atm. 

5. Dimneter of sections of the nozzle 42/82 am. 

6. Voluote of tiie combustion chaiber 2 L. 

7. Overall dimensions 450 x 220 nm. 

8. Vfeigit 13.5 kg. 

9. Duration of a single firing 60 sec. 


While testing the "12-K" engine, data was obtained close to original cal- 
culations. The engine demonstrated a high stability of burning without pulsation of pres- 
sure inside the chanber. Therefore, in 1937 the "12-K" engine was placed in the 
stratosphere rocket sonde "Avlavnito." The first launching took place on April 6, ]936, 
and was described in Pravda (April 8, 19J6); the second and none successful launching on 
August 15, 1937, employed a 48-meter launching mast. The "Avlavnito" had a starting 
weight of 100 kg, a dlaneter of 300 itm, and a length of 3,000 mr.. With a load of 32 kg 
of propellants, the rocket's calculated peak altitude was estimated at 10,800 meters. An 
overall view of the rocket, installed on the laiaich stand for the second flight, appears 
n Figure 2. 


+See MUdiail M. Tikho:iravov and V. P. Zaytsev, "On the History of fne 
Stratospheric Rocket Sonde in the USSR, 1933-1946," in this volume- Bd. 
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Pi^. 1 

Schematic of the 12 -K Alcd".ol-Kerosene LPRE 


In I937-I93B research began with the aim Improving the scientific basis of 
the IPRE engine designs before final construction, to Increase the reliability, and to 
inprove the characteristics of recently created models of LPRE working on nitric acid and 
kerosaie. The base for conducting the research was the LPRE Engine Laboratory (at this 
tline part RNII), vdnlch was called upon to conduct research on oxygen^ and nitric acid 
LPRE, pennitted testing of these laboratory models, and propellant combustion tests. 

Because this research had an applied character, the goal Involved studying the 
more "critical” problems encountered in creating nitric acid LPREs, related to assuring 
the reliability of the ignition, the stable and coirplete cont)ustion of propellants during 
the burning process, and the efficient cooling of the cxan 4 )er, etc. The Liitial irput nrid 
the test results of this research were as follows: 

Researching the Processes of Igniting Prc^llants 

Ihe Installation consisted of a combustion chamber with a constant volume, with 
a nozzle and a system for pressure impulse feeding of propellants through atc'iizei's in an 
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of the propellffiits into chamber, etc. Also, the porlod of Ignition dela^' was 
established as well as the (bastion of propellant cadxistion. Ihe resultant recamenda^ 
tlons for starting the nitric acid LPREs pax>vided for the dosage of f\iel at the mcment 
of ignition, of ttie expenditure and mixture ratio of propellant coR|X3nents, and the 
Inplfnentatlon of ignition and the burning process by controlling propellant flow, made 
possible in future efforts to Increase the reliability of operation of the liiS. 

Researchirg Combustion and Cooling Processes in the IJTC Ihit 

Dds research was conducted on a laboratory model of the nitric acid IfRE unit 
with a thrust range between 30 and 80 kg and a corre^wnding pressure in the chamber 
between 7- and 25 atmospheres, the wateiMxoled model had sets of interchangeable 
nozzles, cylindrical parts of the contHJstlon unit, and of centaifUge atordzers for the 
fuel and oxidizer. Nodiflcation of these elements allowed for "hiodellng” the various 
cycles of firing and for detennining the influence of the differait elements cxi the dur- 
ation of the filing and its perfonnance characteristics. 

Ihe data received from this research provided a clear picture of the phenomena 
ac..jcpanying the firing of nitric acid LPREs, and allowed the fomulaticn of a series of 
reccnmendatlons for future planning. Among the most important were the following 
prepositions: 

1. To obtain steady burning an*^ a hlgii ccnpletlon of combustion, it was necessai^ to 
feed the propellants throu£^ suitable injectors that assurred the fonnaticxi of a 
stable front of flame in a cross-section of the chamber. 

2. To obtain reliable extemad cooling of the combustion chant>er and of the nozzle 
using propellant components, it was necessary to provide variation of the flow 
in the cooling channels around the surfaces according to the changes in the 
thennal conditions of the walls of the combustion chamber and the nozzle. 

Ihese findings made possible the constructl<xi of nitric acid LPREs of a more 
advanced design, with a corresponding improvement in the reliability of their firing. 

IHE NITRIC ACID LPRE, MULTTPIE-FIPINr, "RDA-1-150," FOR THE ROCKET GLH®R "RP-318" 

The •’roA-1-150" eridne w.^ conceived and developed during 1938-1939 using the 
basic results of the scientific research described above and the e^qjerience accumulated 
in work an the nitric acid LPRE at RNII earlier. It was designated for use in the rocket 
glider "RP-318." The design of the "RDA-1-150" englm is presented in Figure 3 . Engine 
perfonnance was characterized by the following data: 

1. Propellants 

2. Ihrust regulated in the range of 

3. Pressure In the chamber .... 


nitric acid and Kerosene 
SO/150 kg. 
C/l8 atms. 



Fig. 3 

Schematic of the RDA-l-lSO Nitric Acid and Kerosene Engine 
for the Rocket Glider "RP- 318 " 


%>ecific Ijipiilse I 5 OA 98 sec. 

5 . Pressure of fuel feed I 3/35 ates. 

6 . Maneter of sectims of tlie nozzle 25 .V 50 nm. 

7 . Volume of the chan4>er . 2.2 L. 

8. Overall dlmaislcxis. i»20 x 200 nri. 

9 . Weight of the chamber (or unit) 10. 5 kg. 

i.0. IXiratiaj of an uninterrupted flrir^ 200 sec. 

11. Cperating lifetime 28 min. 


The features of tte T)A-1~150'' design that distinguislad it fron earlier RKII 
nitric acid LPREs were the following: 9 

1. Mixing of propellants in the carfcustlon ciiamber by means of injectors. 

2. Engine cooling with tvro prcpellant carrponents* the nozzle with kerosene and the 
cylindrical ccntoustlon charrtber with nitric acid, with their circulation along 
spiral canals at clanging rates of flow, 

3. Thernal protection of the injector plate of tlie chamber by Internal coollr^, 

A. Dual-stags Ignition with the application of an electrical spark and prqsellant 

flow controls, 


85 




5. A : *Kiular design ccxaposed of three principal ccrrponents; tte head, the charttoer 
and the mzzle. 

During final tests, the engine perfonned close to the pre-test calculations. 
■The engine demcartstrated stability and reliability during burning which ©aaranteed its 
admtttame to fligjht testing in the ”RP-3l8" rocket glider. On Petaruary 28, 19^0, this 
rocket glKier, with test pilot V. P. Fedorov at the controls, was flown successfully.^*^ 
IMs was the first flight of a Soviet pilot in a rocket-propelled aircraft. 

A v’.ew of the rocket glider appears in Pigpre 4, The design of t.« "RDA- 1-150' 
arigine became a prototype for other, more powerful models of nitric acid LPREs that we 
built later. 


ALCOHOL-OXYOEK LPfE, MULTIPLE FIRM! "RDK-1-150 
FeJULATPr) THRUST OP 70-l60 kg 


This engine and its test stand firing procedures were developed in 1939~19^'0 


of ccOTplling tests for comparison of its technical data and qualities with the nitric 


istlcs similar to those of the nitric acid LPRE "RDA-1-150” in the roi 
The design sctetatic of the "RDK-1-150'’’ engine Is presented In Figure 


with the RDA-1-150 Ehgl’-.e before the First Fllrhl 





This engine featured the same design decisions successfully realized in the 
”RDA-1-150” nitric acid engine, VIZ., an Injection, cylindrical combustion chairfcer, dual- 
propellant e'iemal cooling— tte nozzle with alcohol, the cylindrical ccmbustion chani)er 
with liquid oxygen— and a staged Ignition system with electrical spark and modular con- 
struction. The folio* Ing technical data chai'acterized the performance of tte 
”FiDK-l-150" engine 

1. Thrust .... ............ 70/160 kg 

2. Pressure in the chamber .................... 5/11 aims 

3. Specific impulse . . .............. 150/210 sec 

4. Pressttre of fiiel feed 8/20 atms 

5. Dlaieter of sections of the nozzle ............... 37.5/64rnm 

6. Volume of the combusticn chamber 1.8 L 

7. Overall dimensions ...................... 340 x 220 mm 

8. Wel#it ........ . 8.5 kg 

9. Duration of an uninterrupted firing l80 sec 

10, Opocatlng Ufetlms 20 min 

Test stand flrlngj produced data close to the pre-test ealeu.latioa''*.. Qrn< 
tests of the "RDIC-1-150" engine in a model of tlie gilder stag&l to ( e red .gjied 






as a rocket glider, were conducted In 19^0. Pligit tests of the engine proved 
unsuccessful. The value of the "RiK-1-150" engine develc^mrait resided in utilizing 
desigis slMlar to those of the nitric acid LPF£. aid sliowed the possibility and advis- 
ability of an oxygen L?RE that could be Ignited repeatedly. 

A OOreiNED SOLID- AND LIQUID-PROI^IIAin: ROCKEH' EMQINE, 

HE "KRI>-60i»," WHH A STEP-UP THRUST OP I,100-T0-5,000 kg 

Hk "KRD-640" engine was develc^>ed In 1939-19**0 an tte basis of confining In 
a single design, both solid and Uquld-prc^llants. TMs conolnatlcm of two types of 
oigines was acconpUshed In a manner allowing th.. engine to be fired at first as a solid 
propellant engine with a hi^ thrust; after the solid propellant supply In the chamber had 
burned away. It switched automatlcallv to bumliVb liquid prcpellants with a lesser thrust, 
but with an Increase In duration. 

Tlie first Ignition guaranteed a hl^ starting acceleratlcai and, naturally, the 
accuracy of the fll^t; the seccxd l^dtlori ensured the length of the fll^t. Nltro- 
glycerlne-based powder, nitric acid and kerosene were employed as propellants, the latter 
fed into the chamber by means of <x solldr-reactant gas gena?ator. A device that switched 
the engine automatically from solid- to liquid-propellants and triggered the gas gener- 
ator, was the chief design feature. The peculiarity of this design Involved unifying 
within the body of the rocket propellant tanks and a propellant feed system without 
piping and Intermediate conp a r t ments. 

The schematic of this "KRD-60i;" engine, and that of the ”RDD-203" roctet in 
vftiich It was utilized, arr shown In Plgure 6.^3 The "KRD-604" engine produced the 


following data: 12 

1. Thrust 4,500/1,030 kg. 

2. Pi’essure In the chamber 220/48 atms. 

3. Specific impulse 200/220 sec. 

4. Pressure of liquid fUel feed 75 atms. 

5. Dlaanet-J? of sections of the nozzle . 39/132 run. 

6. Duration of firing 0.7/9 sec. 

7. Total Impulse of thrust 12,300 kg. /sec. 

8. Volume of combustion chantoer 18 L. 

9. Overall dimensions of the chamber 950 x 203 mm. 

10. Weight of the assembly 46 kg. 
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Fig. 6 

Schematic of the Installation and Confxsnents in the Rocket vdth the 
Combined Solid- and Liquld-Frc*" llant KPD-60^i Engine 


In 1940 - 1941 , test launches of the combined "KRD-694" aiglne in the ”RDD-203" 
rocket — which had an Initial welgit on the order of I 80 kg — achieved distances of about 
20 k' (against a calculated distance of 22.5 km).^^ A view of the "RDD-203" rocket on 
the launch stand for single and groiflj launches is shown in Fljire 7. 

HE NITRIC ACID LPRE "D-l-A-llOO” WITO A 00Nm0LLABI£ 

MRUST OP 350 - 1 , 400 kg, FOR BCXJKBT AIRCRAFT 

The "D-l-A-ilOO" engine war d-slgied in 1941 and assigned as a basic engine 
for ppplicaticai ■’n rocket aircraft Interceptor. Nitric acid and kerosene, fed into the 
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:;Fig. 7 

View of the l4^olle Launcher for ililtlpie Firing of RDD-203 Rockets 
With Ccnblned Rocket Qigines in Firing Position, Septenber 1940. 


chamber by a pressure-fed system, corveci as prc^llants. The design sehaiatlc of this 

engine is shown in Figure Si ehgl.ra design basically corrospaxls t- the 150 kg-thros-.. 

”RDA-1-150" engine descilbed earlier’, 

S 

The "D-1-A-llOO” engine possessed the fullcKlng basic technical ^iata: 


1. Thrust 1,400/350 kg. 

2. xPi^ssure in the-chasitjer . i. ... . . . . . . . . " 19/5.3 iatios. 

3. Specific irtpi'lse 2wi/15u sec. 

4. Pressure of fuel “eed . .................... 48/17 atms. 

5. Diameter of seotlma of the nozzle . 39/132 mm. 

6. Volume of tte Cviibustion chaiAjer ............... 19 L. 

7. Overall ciunensions 730x310 mm. 

8. Weight of ttte chamber with val" 48 kg, 

9. Duration of an uninterrupted fining 180 sec. 

10. Operating lifetime ........ ..... 20 min. 


IXirirg the creation of ttie "D-l-A-llOO" , grr->.t eifort was expended Iti r-ol-lng 
technical and prxluctlon problems (prlnarlly In connect lo.i with the nozzle sari 'ts 
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Fig. 8 

Schematic of a DI~A“U00 Kltric Acid and 
Kerosene LPRE for the Rocket Plane 


ready for Installation In the "BI" aircraft, diesigi»3 under the dlrecti<m of V. P. 
Bolkhovitinov. Bie first test flight took place on ffey 15, 19^2, with G, Y&. 
Bakhchivandshi as the pilot, arri was recorded as the first Soviet manr«d flight of a 
rocket interceptor aircraft. A picture of the ”BI** plane before takeoff appears in 
Figure 9. 
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Fig. 9 

A View of the Rocket Plane and of the D-I-A-llOO 

Engine Before its First Flight, Kay 15, 19 A2, 

aircraft li^sOPEBATINO ON NmiC ACID AND KEROSENE 
wrm A PUMP-FED PRCFELLANT SYSTEM; THE SBK3I E-CHAMBER "RD-2M" 

AND DUEL-CHAfffiER ”RD-a^3V” 

We began work cm the creation of self-contained LPREs with a punp-fed propellant 
rystem in 19^0, and It became the subject of intensive work after 19^*2, when the limita- 
tion in the "BI" aircraft of a pressure-fed propellant system becane apparent. As a 
result of the extensive desi@i study carried out in 1942-19^*3 and experimental work per- 
foimed In 19^^ > two models of automatic LPREs burning nitric acid and kerosene with a 
piBip-fed prcpellant system were developed, built, and stand-tested under laboratory ccm- 
ditions: the single-chamber "RD-a*f' with a variable thmst in the range of 350-1,400 kg, 
and the dual-chanber *'RD-2M3V" with a thrust of 100-1,500 kg, each identical in construc- 
tion and desi^i of t]% basic models, but distinguished frcm each other by the r^nge of 
the vailable thrust. Both worked according to the same principle. The design of the 
d- ' l-chamber "RD-2M3V** en^ne is sham in Figure 10. 

Four basic subsystems characterized the.se engines: the ccmt'usticm changer, 
Steam-^ generator, turbine pimp unit, and the Igiltion-rei^latlng subsystem, r.iutually 
interconnected by a single pneumatic-hydraulic system which guaranteed tfieir autcmiatic 
functioning and control of lotion, engine operation, and the cessation of burning by 
mear‘= of controls located In the cabin of the aircraft. TTie corfcustion chambers were 
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Pig. 10 

Scheniatlc of a Double-ChMt-er Plight a^ine AD-2M3B, Using 
Nitric Acid and Kerosene With a Punp-Fed Prqjellant %stem 


slirdlar In design to tte "B-l-A-llOO" engine, but were differait In tm des %5 of the 
start-st<p prcpeilant control valv^ ftsr tsultiple firlig in fll^t. 

The Vi^rlzing generator (PGQ) wortoed on the basic propellant coraponents, with 
water or an alcctol solution injected in the burner for cooling purposes which autotnati- 
cal3|' regulated the tai|3e^ture of the vapor ^ The ■ FOG was develqsed taking into account 
previous design esqperlence at Mil. 

The turbine-piarp unit (TNA), developed with the participation of the National 
Institute of I^ydromechatlcal Constinictlcm, consisted of two slrgle-stage centrifugal pmp; 
foTsfeeding fuel and oxidizer into the charrtber, and a separate pimp for feeding the alco- 
hol solutlai into the K30. The simply to the pimps used a two step turbine fed directly 
fhom the PCXS. 

The start-regulating systan (PRB) for these engines fulfilled a dual role. 
First, it served as a device for ensuring multiple firir^ of the engine, and possessed 
a mlcrosystwn of the pressure-fed system used for starting the POO. Seccnd, it served as 
a regulating device In the ermine to ccxrtrol the thrust, arxl also sujported the stability 
of a given pattern and flow return of the propellants Into the tanks during periodic 
shutitons. 






The basic subassaabll^ of the ongims Just etsjroerafced laid otter related cm~ 
pcnmcs were (xwbined into two modules: tte chanter mi the piasps, thus permlttlr^; tteir 
distribution togetter or separately in different ccinpartinents of tte aircraft. A gtoto- 
grsNph of tte chamber system of tte "H>25K3V** Is shown in Pipcre 11 and tte pjmping module 
in Figure 12. 




Pig. 12. 

Via# of the Ftarplng ftodule of tte Punf>«-Pei RD-2M3V Engim 
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**hD-2M3\r' 


5. 

Diameter of sections 

cf the nozzle 

. . 80/146 nm. 

80/146} 35/90 mm. 

6. 

Volume of the 

chantoer ........... 

. . 18 L. 

18/4.5:::L. g; : 

7. 

Overall dixnenslcais of 

the chamber block ...... 

. . 925x225 mtn. 

925x540x220 mm. 

8. 

Weight assembled ...... 

. . 200 kg,. 

-- m kg. 

9. 

Turbine power and RPM .... 

. . 75 HP/12,50Qrpn 

80 HP./12,000rpm. 

10*: 

Curating lifetime . ; . . ; . . 

. . 40 min . 

1 hr. 


The "RI>-2M” aid the 

ermines were successfully tested from January 


through kpril 19^5 in test-stand experliaents under goverrrossit control and provided reveal- 
:inesdsdai: tSiey becaiae the first models of Soviet;: automatic aujxraft:: IPFEs that ^featured: 
piBip-fed prc^)ellant systams vd.th multiple start. IXirlng tests In fll^t and when assen- 
bled in the experimental rocket aircraft "1-270", the engines proved reliable. A photo- 
gj^h of the ”1-270" Is shown in Pigpre 13. 





Pig. 13 

A View of the Rocket Plane With ttje R0-2M3V Engine 
Before its First Flljiit In September 19^7. 
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In concluding ov paper I think It Is necessary to stress that this survey of 
li’REs is only a snail part of the scientific and technical work undertaken in this field 
in the USSR between 193^1944. Moreover, these experiments demcnstrated the independent 
and self-reliant paths adopted in the Soviet Union for mastering the LPRE and for intro- 
ducing new technology, as well as the originality in solving the major scientific and 
technical problems connected with liTO designs of different types and requlronents. 

Me recognize Idle Inpcrtance of F. A. Tsander's role in this vrork, but it is 
impossible not to mention the exc^tlonally fVuitfUl, collective '«Krk of many engineers, 
designers, and experlm^ters, a large amount of idiom were followers of his school. Ihelr 
energy, persistence, and capacity were shown at diffa?ent times in achieving positive 
results during the testli^ and design development in the field of 
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